Inhibitors of Melanin Biosynthesis, 6-Methylpurine, 3,5-Dichloro-4-methoxybenzoic Acid, l-Methoxy-8-hydroxynaphthalene, Stropharia squam osa
Introduction
Melanins are not essential for fungal growth and development, they rather enhance the survival and competitive abilities in certain environments. In the Ascomycotina and related Deuterom ycotina, the dark-brown to black melanins in cell walls are generally synthesized via the pentaketide pathway and 1, 8-dihydroxynaphthalene (D H N ) is the im mediate precursor of the polymer (Bell and Wheeler, 1986) .
Plant disease control may result from any of sev eral mechanisms which include direct fungitoxicity, suppression of pathogenic mechanisms, or al teration of host resistance (Wolkow et al., 1983) . DHN melanin has been implicated as a pathoge nicity factor in some fungal plant diseases and ani mal mycoses (Kubo and Furusawa, 1991; Dixon et al., 1991) . A new class of fungicides, like tricyclazole, pyroquilon, coumarin, triazoloquinoline, that Reprint requests to Prof. Dr. H. Anke, Fax: 0631/ 2052999 or Prof. Dr. O. Sterner, Fax: +46-462228209. inhibit melanin biosynthesis is used to prevent rice blast disease caused by Pyricularia oryzae (perfect sexual state, Magnaporthe grisea) (Kimura and Tsuge, 1993; Yamaguchi and Kubo, 1992) . At nonfungitoxic concentrations these antipenetrants in hibit melanin biosynthesis in P. oryzae. They have no effect on the growth of the pathogen in culture or on germination of conidia and formation of ap pressoria on isolated Bryophyllum pinnatum epi dermal strips, but they block melanization of the appressoria and prevent penetration of the epider mal wall (Woloshuk and Sisler, 1982) . Wolkow et al. (1983) suggested that the unmelanized walls of treated appressoria lack the rigidity necessary to support the mechanical forces required for penet ration of the plant cuticle. Experiments with inhib itors and melanin-deficient mutants have shown that fungal melanin is essential for penetration of host leaf tissues by P. oryzae, Colletotrichum lagenarium, and C. lindemuthianum (Kimura and Tsuge, 1993) . Therefore melanin biosynthesis in hibitors m eet the requirem ent for high biochemi cal specificity with activity directed at one or a few 0939-5075/95/1100-0813 $ 06.00 © 1995 Verlag der Zeitschrift für Naturforschung. All rights reserved. D target sites in the pathogen and low toxicity to non target organisms.
In this report, we describe a new test system for the detection of D H N melanin biosynthesis inhibi tors. its application in the screening and the isola tion of inhibitors from cultures of the basidiomy cetes Collybia dryophila and Stropharia squamosa. Inhibitors, which were detected by a screening of fungal metabolites are also included.
Experimental
Test system , test organisms and screening Streptom yces bikiniensis DSM 40581 was ob tained from DSM. Braunschweig. Lachnellula sp. A 3 2 -8 9 was obtained from fruiting bodies and has been described previously (Semar 1993 ). Strain A 3 2 -8 9 was grown in MGPY medium com posed of (g/1): maltose 2 0 , glucose 1 0 , peptone 2, yeast extract 1, KH 2 P 0 4 0.5, M g S 0 4 x 7 H 20 1, FeCl3 0.01, Z n S 0 4 0.002, and CaCl2 (0.1 m solu tion) 5 ml/1. For submerged cultivation, 250 ml of M GPY medium in a 500 ml-Erlenmeyer flask with one indentation were inoculated with 5 % from a well grown shake culture in the same medium and incubated on a rotary shaker (22 °C, 120 rpm) for 3 days. The mycela were centrifuged (10 min at 2000 x g), resuspended in 100 ml sterile 0.9 % so dium chloride solution and homogenized with an ultra turax (30 sec) under aseptical conditions. 100 ml of the mycelial suspension were resuspended in 500 ml modified MGPY medium (with maltose 10 g/1 and glucose 20 g/1) with 2 % agar at 48 °C and 15 ml were poured into Petri dishes (90 mm). Pa per discs ( 6 mm), bearing the compounds to be tested, were placed onto the plates which were in cubated at 22 °C for 4 8 -7 2 hours; the resulting white zone of inhibition of melanin formation was measured from the reverse side of the plate. Triazoloquinoline, pyroquilon and coumarin were used as standards.
For the confirmation of positive results obtained with Lachnellula spec. A 3 2 -8 9 , Pyricularia oryzae was used in a similar agar diffusion assay. In order to confirm the selectivity of the detected in hibitors. Streptom yces bikiniensis which forms DOPA melanin (Tomita et al.. 1990 ) was included in the screening. For the determination of the biological activi ties, aliquots ( 1 0 0 ml) of the culture were taken under sterile conditions. A fter filtration, the cul ture fluid was extracted with ethyl acetate ( 1 0 0 ml). The extracts were dried in vacuo and the oily residues were redissolved in methanol (0.5 ml). Ten [il of these concentrated extracts were tested in the agar diffusion assay towards Lachnellula spec. A 3 2 -8 9 as described above.
Isolation and identification o f the active com pounds
After separation of the culture broth by filtra tion, the fluid (16 1 
Biological assays
The inhibition of seed germination and the anti microbial activities were tested as described pre viously ( synthesis inhibitors. The inhibitory activity of the mono-and di-methyl ether of 1,8-DHN might be due to the structural similarities of these com pounds to 1,8-DHN, the immediate precursor of the black pigment. It remains to be elucidated which enzyme in the pathway is inhibited. The most likely candidate is the wall-bound laccase ca talysing the polymerization reaction. Methylation of the immediate precursor of melanin yielding an inhibitor of the polymerization might reveal means by which pigment synthesis can be regu lated in fungi.
In the screening of 586 fungal cultures, extracts of Stropharia squam osa and several Collybia spe cies (basidiomycetes) were found to inhibit the synthesis of melanin in Lachnellula spec. A 3 2 -98 but not or less in Streptomyces bikiniensis. The extracts from S. squam osa and C. dryophila were the most active ones and therefore these fungi were chosen for the production of the inhibitors.
Fermentation and identification o f the inhibitors from Collybia dryophila
During fermentation of C. dryophila, inhibitors of melanin biosynthesis were detected in the ex tracts of the culture fluid after 115 h. The fermen tation was terminated after 1 2 days, when the glu cose and maltose in the culture broth were used up and growth ceased. Although the biological ac tivity had not reached its maximum the termina tion of the fermentation was necessary because of the production of slime substances which ham pered the extraction of the active compounds.
Two bioactive m etabolites (1 and 2) were iso lated as described in the experimental section. Structural elucidation revealed the identity of 1 with 6 -methylpurine and 2 with 6-methyl-9-ß-D-ribofuranosylpurine first described as natural pro ducts from cultures of C. maculata. For both com pounds strong cytotoxic and antiviral activities have been reported (Leonhardt et a l 1987) .
Fermentation and identification o f the inhibitor from Stropharia squam osa
A typical fermentation diagram of S. squamosa is depicted in Fig. 1 . The production of 3,5-dichloro-4-m ethoxybenzoic acid started after 8 days, small amounts < 1 mg/1 could be detected as early as on the forth day of the fermentation. The peak of 12 mg/1 was reached after 12 days. Following the isolation scheme given in the experimental sec tion, 191 mg of compound 3 were obtained.
The structure of 3,5-dichloro-4-methoxybenzoic acid was determined by NM R spectroscopy and mass spectrometry. The molecular ion in the E l mass spectrum showed the typical isotope pattern of a m olecule containing two chlorines, and high resolution measurements suggested the molecular com position to be C8 H603 C12 and that the m ole cule contains 5 unsaturations. Only two signals were visible in the !H NM R spectrum, a singlet at 7.91 ppm integrating for 2 protons and a singlet at 3.89 ppm integrating for 3 protons, indicating that § Mycelial dry weight;
glucose; x-x maltose; ■ pH; ▲ -A 3,5-dichloro-4-methoxybenzoic acid. N adsonia fulvescens >100 >100 >100 >100 >100
N em atospora coryli 100 50 100 >100 50 Saccharomyces cerevisiae isl >100 >100 >100 >100 >100 S. cerevisiae S 288 >100 >100 >100 >100 >100
Fusarium oxysporum 50 >100 >100 >100 >100
Paecilomyces variotii 50 >100 >100 >100 100
Penicillium notatum 100 >100 >100 >100 100
M ucor miehei 50 100 >100 >100 100
Rhodotorula glutinis >100 >100 >100 >100 >100 
